ABSTRACT OBJECTIVES This study aimed to investigate to what extent timing definitions influence strain measurements and which surrogates are reliable and feasible to define end-diastole (ED) and end-systole (ES) during speckle-tracking (STI) analysis.
. Its user-friendliness makes STI often the first choice for the assessment of the myocardial deformation (7) (8) (9) . In STI, timing information is needed at 2 levels of the data analysis.
First, timing information is required for image processing. After speckle tracking, the noisy raw data need intensive regularization and-in the case of motion and deformation data-drift compensation. 
Defining End-Diastole and End-Systole defined as the first frame when the aortic valve was closed. These definitions of ED and ES were repeated by a second investigator, and the average results were used for data analysis.
ECG-DERIVED TIME MARKERS. Peak R was defined as the first positive peak within the QRS. With the use of parasternal M-mode acquisitions of the MVC, the time from peak R to the automatic ECG trigger, as well as to MVC, was measured for all 3 ECG leads ( Figure 1) . For each subject, the maximum time between the automatic ECG trigger points in the different leads was calculated. The same evaluation was performed for peak R. Table 1 . The average frame rate of our acquisitions was 61 frames per second, corresponding to a temporal resolution of 16.2 ms.
TIMING REFERENCES. The agreement between the 2 readers regarding the definition of the reference ED and ES was 95% (57 of 60 cases) and 96.6% (58 of 60 cases), respectively. In all other cases, the difference between the readers was only 1 frame, and the average results were used for data analysis.
ECG-DERIVED TIME MARKERS. Depending on the QRS morphology, the timing of the manually defined peak R changed considerably between the 3 ECG leads. Compared with normal subjects, the variability between leads was larger in the coronary artery disease (CAD) group and highest in the LBBB group ( Figure 1 , Table 2 ). The automatic trigger algorithm of the analysis software did not necessarily detect peak R but also steep slopes within the QRS. The variability of the automatic trigger point between ECG leads was higher than for the manual peak R definition but showed the same tendency among the 3 groups. In this study, we therefore decided to derive timing values in the range of 1.5% to 2% absolute (i.e., 7% to 10% relative), which coincides approximately with the cut-offs used in our study (16, 17) . It can be assumed that deviations exceeding this range must be considered relevant because they could convert a normal value into a pathologic one. probably not directly applicable in other pathology, it was also not tested in our study.
INFLUENCE OF THE TIMING OF ED AND ES ON STRAIN MEASUREMENTS. ES-GLS and ES-SLS

ES VERSUS PEAK-SYSTOLIC MEASUREMENTS.
In our study, we tested the influence of the temporal definitions of ED and ES on the ES strain measure- (18) .
CONCLUSIONS
The correct definition of ED and ES is relevant for accurate measurements of the myocardial function parameters. If direct observation of the valves closure is not used, spectral Doppler, acquired at a similar heart rate, is recommended for defining ED and ES.
The use of ECG peak R to define ED is a feasible alternative as long as the QRS morphology is normal.
ES STI-derived parameters may be used in hearts without relevant regional dysfunction or dyssynchrony but should be always checked versus direct observation.
